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The Leishmania are intracellular pathogens replicating in the parasitophorous
vacuoles of visceral and cutaneous macrophages . Depending upon subtle strain
differences they demonstrate tropisms for either the skin or central parenchy-
matous organs such as liver and spleen in humans . In some individuals the
cutaneous lesions are self-healing, whereas in others the disease leads to deform-
ities of skin and mucous membranes (1, 2) . A somewhat similar course of disease
can be observed in susceptible and resistant mouse strains (3, 4) . As with other
intracellular pathogens, host resistance depends upon the expression of cell-
mediated immunity (5) . It is generally considered that the macrophage is the
important effector cell, its antimicrobial potential being regulated by lympho-
kines derived from Th cells (6). In particular, IFN-'y plays a central role (7) .
Detailed studies by Liew et al . (8, 9) have focused on the T cell phenotypes
that are associated with either host resistance or susceptibility . Adoptive transfer
studies have indicated the role ofTs cells of the Lyt-1+2- phenotype in decreasing
the resistance of mice to cutaneous disease . Ts cells have also been shown to play
a central role in antitumor immunity in the mouse (10) . In neither instance,
however, has there been an in-depth analysis of the nature of the cells that
accumulate in the local lesion . For this reason we have performed a longitudinal
analysis of the cell types that are present in the expanding lesions of the
susceptible BALB/c mouse and the regressing lesions of the C57BL/6 mouse .
Amongother findings, we associate the susceptibility of the BALB/c animal with
its inability to mount a T cell response into the cutaneous lesion .
Materials and Methods
Mice. BALB/c mice were obtained from The Rockefeller University Laboratory
Animal Research Center breeding colony . C57BL/6 mice were purchased from Charles
River Breeding Laboratories, Wilmington, MA . All mice were male and weighed 18-20
g when infected .
Leishmania Parasites.
￿
The Leishmania mexicana amazonensis strain was kindly provided
by Dr . J . S . Keithly, Cornell Medical Center, New York . The protozoa were cultivated
from aspirates of infected mouse lesions in Schneider's Drosophila medium (Gibco Labo-
ratories, Grand Island, NY) with 15% heat-inactivated FCS, 100 U/ml penicillin, and 100
yg/ml streptomycin in the dark at 26°C . When stationary growth phase was reached, the
promastigotes were washed three times in sterile PBS, pH 7 .4, and adjusted to 108
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TABLE I
Rat mAbsfor Mouse Leukocytes
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organisms per milliliter in PBS . 1 d before infection, the hair over the mouse rumps was
removed with depilatory cream . The rumps were infected intradermally with a 0.1-ml
suspension of 107 promastigotes . Lesions were measured in two perpendicular diameters
with a dial caliper (Mitutoyo, Tokyo, Japan) at weekly intervals .
Tissue Processing.
￿
Mice were killed by C02 inhalation . Skin lesions, livers, spleens, and
lymph nodes were removed and cut into small portions for histologic, immunocytochem-
ical, and electron microscopic studies . For routine H and E staining, biopsies were fixed
in formalin and embedded in paraffin blocks . For ultrastructural studies, biopsies were
fixed in 2% glutaraldehyde in 0.1 M cacodylate-buffered 0.1 M sucrose solution, pH 7.4,
postfixed in 2% osmium tetroxide, stained with 0.25% uranyl acetate, dehydrated in
alcohol, and embedded in epon blocks (11) . Sections were examined and photographed
using aJEOL USA (Cranford, NJ)JEM 100cx transmission electron microscope .
Immunocytochemistry.
￿
Biopsies were fixed 3-4 h in periodate-lysine-paraformaldehyde
fixative (12), and suspended in graded sucrose solutions up to 25% sucrose with 5%
glycerol . Frozen sections were cut onto 1% gelatin-coated multiwell slides (Carlson
Scientific Inc ., Peotone, IL), dried overnight, and rehydrated in PBS . Sections were
incubated with culture supernatants from growing hydridomas containing rat anti-mouse
mAbs, specificities of which are denoted in Table I . Biotinylated rabbit anti-rat IgG,
mouse-adsorbed (Vector Laboratories, Inc ., Burlingame, CA), was used as secondary
antibody, followed by avidin-biotin-peroxidase complex (Vector Laboratories) . The label
was subsequently developed with 0.01% hydrogen peroxide in 0.02 M Tris buffer, pH
7.6, 0.4 mg/ml 3,3'-diaminobenzidine tetrahydrochloride (Polysciences, Inc ., Warrington,
PA) . Sections were gently washed with PBS between each reactant . Nonspecific staining
was monitored at each step by substituting PBS with 0 .2% BSA . Positive controls were
stained simultaneously with each study for comparison . Tissues were counterstained with
Gill's hematoxylin (Formulation No . 1, Fisher Scientific Co ., Fairlawn, NJ) . A Nikon
Microphot FX light microscope was used for examination of immunoperoxidase staining
and photography .
Quantitation of Peripheral Blood Leukocytes.
￿
Mice were injected intraperitoneally with
100 U of heparin in 0.1 ml volume . Blood was collected following decapitation into tubes
containing heparin . A drop of blood was smeared onto coverslips and stained with
Wright's-Giemsa stain ; differential counts per 100 leukocytes were taken . After washing
with PBS to remove serum, packed blood cells were diluted 1 :2 with PBS, layered over
Ficoll-Paque (Pharmacia Fine Chemicals, Piscataway, NJ) (21), and centrifuged at 2,100
rpm for 20 min at room temperature . Mononuclear cells at the interface were removed,
treated with 0.83% ammonium chloride to remove contaminating erythrocytes, and
' Abbreviations used in this paper:
￿
HEV, high endothelial venules ; polys, polymorphonuclear
leukocytes .
Clone (ATCC number)
Immunoglobu-
lin subclass
Specificity Reference
M1/70 (TIB 128) lgG2b Macrophages, polys' 13
(C3bi receptor)
F4/80 IgG2b Macrophages 14
B21 .2 lgG2b I-Ab.d 15
M5/114.14.2 (TIB 120) lgG2b I-AbAq, I-Ed.t 16
53-7.313 (TIB 104) IgG2a Lyt-1 17
53-6.72 (TIB 105) IgG2a Lyt-2 17
GK1 .5, L3T4 (TIB 207) lgG2b Mouse T4 18
RA3-3A1/6 .1 (TIB 146) Igm 220 kD Glycoprotein 19
on B cells
B5.3 lgG2b Thy-1 .2 20548
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FIGURE 1 .
￿
Comparison of cutaneous L . mexicana amazonensis infection in C57BL/6 and
BALB/c mice . (A) The C57BL/6 (left) lesion consists of a healing flattened ulcer at 18 wk of
infection . The BALB/c (right) lesion at 18 wk is elevated andexpandingwith central ulceration .
(B) Progression of lesion size over 21 wk of infection is shown in the two mouse strains .
Measurements do not include elevation .
washed three times with PBS . Viability by trypan blue exclusion was >95% . Cells were
attached to poly-L-lysine-coated multiwell slides and reacted with mAb supernatants
(Table I), biotinylated rabbit anti-rat IgG, and fluorescein avidin D(Vector Laboratories)
at 4'C . After establishing negative controls, percent positive fluorescent cells were counted
using a Nikon Optiphot microscope .
Results
The Structural Modifications in the Skin ofBALB/c and C57BL/6 Mice .
￿
Palpable
skin lesions were detected in both C57BL/6 and BALB/c mice after 2 wk of
infection . Central ulceration occurred in most animals by 4 wk and lesions
progressively enlarged over 12 wk . Fig. 1 illustrates the cutaneous lesion devel-
opment in the two mouse strains . After 12 wk of infection no further increase
in lesion size was noted in C57BL/6 mice, and the lesions slowly healed over the
next 8-10 wk . BALB/c mice failed So heat their primary lesions and by 25 wk
these measured over 2 cm in diameter . Nonulcerating cutaneous dissemination
over the face, trunk, and limbs of BALB/c mice, but not C57BL/6 mice,
developed by 20 wk of infection .
Examination of formalin-fixed, paraffin-embedded, H and E-stained cuta-
neous lesions by light microscopy revealed close similarities in histopathological
changes over the first 10 wk of infection in BALB/c and C57BL/6 mice . The
epidermis thickened from 1-2 to 6-10 cell layers by 12 wk of infection, but no
extracellular or intracellular parasites were seen in any of these layers . The
dermis contained numerous leishmania amastigotes within large parasitophorous
vacuoles ofmacrophages (Fig. 2) . Parasitized macrophages and eosinophils infil-
trated subcutaneous fatand muscleandin some areas completely replaced normal
tissues . Although amastigotes appeared predominantly in macrophages, trans-
mission electron microscopy revealed partially degraded parasites within eosin-McELRATH ET AL .
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FIGURE 2 .
￿
Photomicrographs of H and E-stained dermal lesions at 6 wk of infection. (A)
Parasitized macrophages and eosinophils have infiltrated and partially replaced muscle and
fat . X 225 . (B) Higher magnification . X 562 .
ophils (Fig . 3) . By 8-12 wk areasofhemorrhagic necrosis were scattered through
the dermis . The number of infected macrophages began to fall in the C57BL/6
mice, and by 21 wk very few organisms were seen in the healing skin lesions
(Table 11) . In contrast, BALB/c skin lesions continued to demonstrate massive
numbers of leishmania organisms with surrounding eosinophils between 12 and
21 wk of infection .
Immunocytochemical studies of skin lesions consistently showed membrane
staining of infected macrophages for the macrophage surface antigens 174/80
and MAGI . The anti-class II MHC la mAb stained Langerhans' cells in the
epidermis as well as the majority of infected macrophages in the dermis . Control
sections incubated without mAbs demonstrated large numbers of cells with
endogenous peroxidase-positive granules (Fig. 4) . These granulocytes contained
reaction product throughout the cytoplasm and were easily distinguishable from
staining with specific monoclonal reagents . The majority of the granulocytes
proved to be eosinophils by electron microscopic examination, although occa-
sional polymorphonuclear leukocytes were also seen .
The Influx ofB and T Lymphocytes into the Cutaneous Lesions.
￿
Both BALB/c
and C57BL/6 mouse lesions up to 8 wk of infection showed a paucity of small
round lymphoid cells on H and E-stained sections . This finding was confirmed
by the near absence of both T and B lymphocytes by immunocytochemical
studies using anti-L3T4, anti-Lyt-1, anti-Lyt-2, and anti-B cell mAbs . However,
T lymphocyte migration was apparent in C57BL/6 mice by 12-15 wk of
infection . This was exemplified by small round cells in histologic sections and
staining with mAbs specific for T cell subsets. ^-60% of the total T cells were
L3T4+, Lyt-1+, representing the Th cells, and 40% were Lyt-2+ representing
the T cytotoxic/suppressor cells (Table 111) . Further increase in T lymphocyte
influx was demonstrated in the C57BL/6 by 21 wk . ^-50% stained with L3T4
and50% stained with Lyt-2. The influx of both helper and cytotoxic/suppressor
T cells was associated with a marked reduction in parasitized macrophages in the
C57BL/6 mice .
In contrast to the C57BL/6 lesions, BALB/c mice failed to show a similar
lymphoid cell infiltrate and only scant numbers of T lymphocytes could be
demonstrated with L3T4, Lyt-1, or Lyt-2 subset markers by immunoperoxidase550
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FIGURE 3 .
￿
Transmission electron micrographs of a BALB/c cutaneous infiltrate at 5 wk of
infection . (A)The large parasitophorous vacuole (v) ofan infected macrophage contains several
amastigotes (a) . x 8,300 . (B) Numerous eosinophils surround the infected macrophages . The
eosinophil seen here has a partially degraded amastigote (a) within a large vacuole . x 6,600.
staining up to 23 wk of infection (Fig . 5) . The lack of lymphocyte migration and
an organized granulomatous response in the progressive skin lesions of BALB/c
mice was associated with the massive accumulation of infected macrophages in
the dermis and subcutaneous tissue .
Epidermal Alterations in the Lesions ofBALB/c and C57BL/6 Mice.
￿
The influx
ofT lymphocytes after 12 wk of infection in C57BL/6 mice was associated with
adiminution in lesion sizeandhealingofthe cutaneous ulceration . These changes
were also associated with intense staining ofepidermal keratinocytes for class II
MHC la markers, B21 .2 and TIB 120 (Fig . 6) . la' keratinocytes persisted in the
epidermis throughout 15 wk, but by 21 wk this staining pattern had disappeared .
Comparative studies in BALB/c mouse lesions failed to show a similar la'McELRATH ET AL .
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TABLE II
Phagocyte Infiltration in Cutaneous Leishmania
mexicana amazonensis Lesions
* Cells located in a 12.5-km2 grid were counted in 20 random fields. Thedermal
lesionswere stained with H and Eand examined under oilimmersion atX 100
magnification .
FIGURE 4 .
￿
Photomicrograph of BALB/c cutaneous lesion showing influx of peroxidase-
positive eosinophils . Dense accumulations as shown here are typical only in areas of necrosis .
Sections were stained with diaminobenzidine tetrahydrochloride . TheprimarymAb secondary
biotinylated rabbit anti-rat antibody and the avidin-biotin-horseradish peroxidase complex
were omitted . (A) X 80 . (B) X 160 .
keratinocyte response . In the BALB/c lesion, Langerhans' cells were the only
epidermal cells staining for the class II MHC markers (Fig. 6) .
The Quantitation of Leukocytes in the Peripheral Blood ofBALB/c and C57BL/6
Mice. The defective migration of lymphocytes in the cutaneous lesions of
BALB/c mice raised the possibility that a paucity of such cells might exist in the
circulation . We therefore analyzed the circulating leukocytes, including T cell
subsets in the resistant and susceptible strains at various times after infection .
Both C57BL/6 and BALB/c mice displayed decreasing numbers of circulating
lymphocytes witha concomitant rise in circulatingpolymorphonuclear leukocytes
as shown in Table IV . Blood monocyte levels in infected mice were no different
from uninfected mice . Despite substantial accumulations of eosinophils in the
infected skin lesions, a peripheral eosinophilia wasnot evident . Circulating blood
mononuclear cells were further characterized by a biotin-avidin immunofluores-
cence technique using mAbs and results are shown in Table V. Th and T
Infected macrophages Number of co-
Mouse Length of sinophils
strain infection Number counted Percent oftotal counted per 20
per20 fields* cells counted fields
wk %
BALB/c 3 55 14 141
BALB/c 12 132 52 23
BALB/c 21 117 68 20
C57BL/6 3 71 17 98
C57BL/6 12 38 12 32
C57BL/6 21 3 <1 34552 DEFECT IN T CELL INFLUX
TABLE III
Lymphocyte Migration into Cutaneous Leishmania
mexicana amazonensis Lesions
* Cells located in a 12.5-Wm2 grid were counted in 20 random fields . The
dermal lesions were stained by the immunoperoxidase technique and
examined under oil immersion at x 100 magnification .
$ Numbers obtained by adding the number L3T4+ and Lyt-2+ cells .
FIGURE 5 .
￿
Photomicrographs of immunoperoxidase staining with mAb L3T4, specific for
Th cells . (A) C57BL/6 dermal lesion at 15 wk showing influx ofTh cells (arrow) . Only a few
scattered infected macrophages were found . x 36 . (B) C57BL/6 dermal lesion without
hematoxylin counterstain, demonstrating cellular membrane staining with L3T4 . x 354 . (C)
BALB/c dermal lesion at 15 wk . x 36 . Note the marked absence ofTh cells and persistence
of heavily infected macrophages. All peroxidase-positive cells are eosinophils . x 20 . (D)
BALB/c dermal lesion without hematoxylin counterstain, demonstrating absence of L3T4
staining anda few eosinophils . x 354 .
Mouse strain Length of
infection
wk
Number
L3T4+T
helper
of Cells Per 20
Lyt-2+ cyto-
toxic/sup-
pressor
Fields*
TotalT
cellst
BALB/c 3 0 0 0
BALB/c 12 5 6 11
BALB/c 21 7 9 16
C57BL/6 3 0 0 0
C57BL/6 12 46 32 78
C57BL/6 21 67 61 128McELRATH ET AL .
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FIGURE 6.
￿
Photomicrographs of immunoperoxidase staining for class II MHC antigen, la,
usingmAb B21 .2 . X 160 . (A) C57BL/6 mouse skin lesion at 12 wk . Note the Ia+ keratinocytes
in the thin and thickened layers ofthe epidermis (arrows) . (B) BALB/c mouse skin lesion at 12
wk, showing la' Langerhans' cells (arrowheads) in the epidermis but no la' keratinocytes .
TABLE IV
Differential Counts ofPeripheral BloodLeukocytesfrom Leishmania
mexicana amazonensis-infected and Uninfected Mice
TABLE V
Quantitation ofMononuclear Cellsfrom Peripheral
Blood by Immunofuorescence
Mouse strain Length of
infection
Lympho-
cytes Polys Monocytes Eosinophils
wk %
BALB/c 0 67 29 4 0
BALB/c 3 51 44 5 0
BALB/c 10 64 31 4 1
BALB/c 24 46 47 7 0
C57BL/6 0 66 30 4 0
C57BL/6 3 64 31 5 0
C57BL/6 10 52 44 4 0
C57BL/6 24 32 65 2 0
Positive staining
Mouse
strain
Length of
infection T
L3T4
cells
Lyt-2
B cells
B220
Monocytes
C3biR
wk %
BALB/c 0 81 10 4 5
BALB/c 3 70 5 12 13
BALB/c 10 60 4 18 18
C57BL/6 0 44 28 17 11
C57BL/6 3 55 8 18 19
C5713L/6 10 57 16 18 9554
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cytotoxic/suppressor cell levels were no different in infected BALB/c than in
uninfected BALB/c mice, while levels of circulating B lymphocytes appeared to
increase with progressive infection . A rise in MAC-1' cells in BALB/c infection
likely represents both monocytes and contaminating polymorphonuclear leuko-
cytes that may not have separated below the Ficoll-Paque gradient . B and T
lymphocyte levels in infected and uninfected C57BL/6 were similar, with overall
higher levels of T cytotoxic/suppressor cells than in BALB/c mice .
T Cell Distribution in the Liver and Spleen ofInfected Animals.
￿
Visceral dissem-
ination of leishmania amastigotes over the course of infection varied between
the two mouse strains . Microscopic examination of liver sections after 18 wk of
infection revealed the formation of small granulomas in the C57BL/6 mice .
Intracellular amastigotes were not visualized within the granulomas or in isolated
Kupffer cells along the sinusoids . Clusters of uninfected MAC-1 + macrophages
made up the central core of the C57BL/6 hepatic granulomas. Both L3T4' and
Lyt-2+ T cells were scattered along the granuloma rim (Fig . 7) .
In contrast, widespread leishmania infection was found in BALB/c mice by 18
wk of infection, with infected macrophages replacing most of the normal liver
architecture . Isolated Kupffer cells along sinusoids and large interstitial granu-
lomas were heavily infected with leishmania amastigotes . Infected macrophages
in both sites failed to stain with the MAGI mAb . An occasional L3T4+ or Lyt-
2+ T cell was found along the outer edge of the infected areas, but most infected
areas lackedT cells identifiable with anti-L3T4, anti-Lyt-1, and anti-Lyt-2 mAb
(Fig . 7) . The absence ofT cells and the presence of high levels of organisms in
the hepatic lesions mimicked the results at the cutaneous site .
Spleen size increased progressively over 8-21 wk of infection in both mouse
strains . BALB/c mice had massive splenomegaly before death . T lymphocytes
identified by mAb staining were appropriately located in the white pulp . Both
L3T4+ Th and Lyt-2+ T cytotoxic/suppressor cells increased in amounts pro-
portional to the overall splenic enlargement in each strain . In BALB/c spleens
the red pulp was filled with leishmania-infected macrophages .
Discussion
We have performed a longitudinal study of the cellular phenotypes accumu-
lating in the cutaneous leishmania lesions of susceptible BALB/c and resistant
C57BL/6 mouse strains . Immunocytochemical analyses indicate that there is a
profound deficiency in T cells in the expanding lesions of BALB/c mice (Table
III, Fig . 5) . This finding is associated with a progressive increase in the number
of leishmania amastigotes in the lesions as well as metastatic spread to other skin
sites and viscera . The failure of T cells to migrate into the cutaneous lesions
cannot be attributed to a central absence of T cell subsets because appropriate
numbers were found both in peripheral blood and in the spleens of BALB/c
mice with cutaneous lesions (Tables IV and V) . This lack of T cell response also
extended to the BALB/c liver where in late infection, despite numerous heavily
infected macrophages, very fewT cells were detected (Fig . 7) . In comparison, as
the cutaneous lesions in C57BL/6 mice regressed and parasite load diminished,
both Th and T cytotoxic/suppressor subsets were plentiful and present in
approximately equalamounts (Fig . III, Fig . 5) . Parallel studies in C57BL/6 liversMcELRATH ET AL .
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FIGURE 7 .
￿
Photomicrographs of mouse livers at 18 wk of cutaneous leishmania infection .
(A) C57BL/6 liver stained with MAC-1 mAb shows clusters of uninfected mononuclear
phagocytes within granulomas. Most of the normal liver architecture remains intact. x 160 .
(B) BALB/c liver stained with MAC-1 . Positive cells (arrows) surround the heavily infected
multinucleated giant cells. Much of the liver parenchyma has been replaced with infected
macrophages . x 160 . (C) C57BL/6 liver stained with L3T4 shows Th cells within and along
the edge of the granuloma (arrows) . x 160 . (D) BALB/c liver with an occasional L3T4' Th
cell along the periphery of infected areas (arrows) . x 160 . (E) Higher magnification (x 344) of
C . (F) Higher magnification (x 344) ofD.
demonstrated small granulomas that were almost devoid of parasites but replete
with T cells (Fig . 7) .
The mechanism whereby susceptible BALB/c mice are unable to mount a
migratory T cell response is not known . The presence of postcapillary high
endothelial venules(HEV) is believed to influenceTcell migration into lymphoid556
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tissue through lymphocyte homing receptors (22), but we found no electron
microscopic evidence for HEV at the site of infection . Second, BALB/c mice
may be unable to sensitize T cells to certain leishmania epitopes and thus may
fail to promote a migratory response . Previous studies (3, 23-25) examining T
cell response to leishmania antigen in BALB/c mice have produced varying
results depending upon whether in vivo or in vitro tests of responsiveness were
used . Infections with different Leishmania strains and the use of different
Leishmania antigen preparations have further complicated the issue . Unlike
other intracellularpathogenssuch as Mycobacteria bovis andListeria monocytogenes,
which causeacute illnessand an accelerated healing response, ourresults indicate
that L . mexicana amazonensis infection, even in a self-healing mouse strain
(C57BL/6), is associated with a chronic disease course and overall delayed T cell
response in the cutaneous lesion for up to 12 wk of infection . The ability of
leishmania amastigotes to survive and multiply intracellularly for several weeks
in self-healing mice suggests that the parasite has means to prevent or evade a
cell-mediated immune response . Liberation of leishmania products during exces-
sive proliferation may block antigen-inducedT cell responsiveness . Alternatively,
leishmania-specific products may inhibit T cell chemotaxis directly or indirectly
through altered adherence and passage through skin endothelial cells at the
inflammatory focus .
The migratory failureappears specific forT cells . Both C57BL/6 and BALB/c
cutaneous lesions contain large numbers of newly emigrated monocytes as well
as older resident macrophages as defined by immunocytochemical staining . The
latter harbor and support the multiplication of leishmania amastigotes. Polymor-
phonuclear leukocyte and eosinophil influx appears unperturbed .
Resistance to leishmania infection associated with local T cell migration into
healing C57BL/6 lesions may occur through at least two mechanisms . Lympho-
kines, particularly IFN-y, are released from sensitized T cells and activate
surrounding infected macrophagesto undergo an oxidative response (7). Oxygen
intermediates released, particularly hydrogen peroxide, are toxic to leishmania
amastigotes (26) . IFN-y release in C57BL/6 lesions is suggested by the reduction
in the parasite load after T cell influx . Keratinocyte la staining in C57BL/6
cutaneous lesions after 12 wk of infection may also be associated with local
production of IFN-y . In vitro treatment of human keratinocytes with rIFN-y
(27) as well as intradermal injection of rIFN-y into the lesions of lepromatous
leprosy patients (28) have been shown to induce the expression of la antigen on
the surface of keratinocytes . An association between the generation of delayed
reactions and keratinocyte Ia expression has also been observed in delayed
responses to intradermal PPD and in the chronic granulomas of tuberculoid
leprosy and cutaneous leishmaniasis (29) . Alternatively, T cells may kill parasi-
tized macrophages . Viable amastigotes may be liberated into the extracellular
environment and become subject to destruction by humoral factors (e.g ., eosin-
ophil peroxidase coupled with hydrogen peroxide or pore-forming protein
released from cytotoxic T cells) . Coating of amastigotes with leishmania-specific
host antibody may be necessary for extracellular destruction .
A number of in vivo systems have been described in which purported Ts cells
inhibit the ability of small rodents to reject tumor allografts or inhibit thereplication of intracellular bacteria or parasites (30) . Suppressor cells have been
reported to be operative in the response to cutaneous leishmaniasis (8), and in
this and similar models Ts are sensitive to ionizing radiation or cytotoxic drugs
(31, 32) . Although a histological description of the course ofL . mexicana infection
in C57BL/6 and BALB/c mice has been reported (33), to our knowledge no
detailed analysis has been made of the local lesion and its composition of effector
cells . It may be, as described in this report, that suppressor networks have as
their distal expression the inhibition ofT cell migration into the infective foci .
A major defect in T cell migration in the BALB/c mouse has been documented
in both cutaneous and visceral infection . Efforts to detect sensitizedT cells and
stimulate T cell migration in BALB/c are in progress . Reduction of antigen load
by treatment with sodium stibogluconate, immunization with leishmania antigen
to presensitize T cells before infection, and sublethal irradiation of mice to
remove potential Ts cells that may inhibit migration, are several approaches
being pursued . Understanding why T cells fail to localize in BALB/c lesions
should elucidate more general mechanisms involved in cell-mediated immune
depression in disseminated cutaneous infection .
Summary
Local cellular responses to cutaneous infection with Leishmania mexicana ama-
zonensis were examined in susceptible (BALB/c) and resistant (C57BL/6) mouse
strains by immunocytochemical and electron microscopic studies . Infection dur-
ing the first 8 wk in both animal strains was characterized by progressively
enlarging lesions, epidermal thickening and ulceration, and accumulation of
eosinophils and Ia' infected macrophages . Healing of C57BL/6 mouse lesions
began after 12 wk of infection and was associated with local influx of both Th
(L3T4') and T cytotoxic/suppressor (Lyt-2') cells into the dermis, and la antigen
expression on epidermal keratinocytes . T lymphocyte infiltration was marked
and intracellular parasites were scarce by 21 wk of C57BL/6 infection . Similarly,
granulomas in C57BL/6 livers contained L3T4' and Lyt-2' T lymphocytes and
no visible intracellular parasites by 21 wk of infection .
In contrast, BALB/c mouse lesions continued to enlarge and never healed .
Throughout the entire course of infection, T lymphocyte influx into the heavily
infected dermis was minimal . Keratinocyte la expression was absent in BALB/c
lesions . BALB/c livers were heavily infected by 18 wk of cutaneous infection,
with few demonstrable T lymphocytes . A systemic absence ofT cells could not
be demonstrated in BALB/c mice . Both L3T4' and Lyt-2' T cells were found
in the peripheral blood in normal numbers in both mouse strains .
Our results support the role ofT cells as important local effector cells in the
healing response of murine cutaneous leishmaniasis . We suggest that local T
lymphocyte infiltration may provide lymphokines, particularly IFN-'y, that can
activate infected macrophages to destroy the intracellular parasites . Alternatively,
T cells may play a cytotoxic role, killing infected macrophages and allowing local
humoral factors to destroy released extracellular parasites .
Receivedfor publication 22 October 1986.
McELRATH ET AL .
￿
55755 8
￿
DEFECT IN T CELL INFLUX
References
1 . Convit, J ., and F . Ferdel-Vegas . 1965 . Disseminated cutaneous leishmaniasis. Arch .
Dermatol. 91 :439 .
2 . Walton, B . C ., L . Valverde, and D . Eugia . 1973 . Onset of espundia after many years
of occult infection with Leishmania brasiliensis. Am .J. Trop . Med . Hyg. 22:696 .
3 . Perez, H ., F . Labrador, andJ . W . Torrealba . 1979 . Variation in the response of five
strains of mice to Leishmania mexicana . Int. J. Parasitol . 9:27 .
4 . Handman, E ., R . Ceredig, and G . F . Mitchell . 1979 . Murine cutaneous leishmaniasis:
disease patterns in intact and nude mice of various genotypes and examination of
some differences between normal and infected macrophages . Aust .J. Biol . Med . Sci.
57:9 .
5 . Mauel, J ., and R . Behin . 1982 . Leishmaniasis : immunity, immunopathology, and
immunodiagnosis . InImmunology of Parasitic Infections . S . Cohen and K . S. Warren,
editors . Blackwell Scientific Publications, Oxford, United Kingdom 330-355 .
6 . Chang, K.-P ., and J . W . Chiao . 1981 . Cellular immunity of mice to Leishmania
donovani in vitro : lymphokine-mediated killing of intracellular parasites in macro-
phages . Proc . Nad. Acad . Sci. USA . 78:7083 .
7 . Murray, H . W ., G . L . Spitalny, and C . F . Nathan . 1985 . Activation of mouse
peritoneal macrophages in vitro and in vivo by interferon-y . J. Immunol . 134 :1619 .
8 . Liew, F. Y ., C . Hale, and J . G . Howard . 1972 . Immunologic regulation of experi-
mental cutaneous leishmaniasis . V . Characterization of effector and specific suppres-
sor T cells .J. Immunol. 128:1917 .
9 . Liew, F . Y ., J . G . Howard, and C . Hale . 1984 . Prophylactic immunization against
experimental leishmaniasis . III . Protection against fatal Leishmania tropics infection
induced by irradiated promastigotes involve Lyt-1+2- T cells that do not mediate
cutaneous DTH . J. Immunol. 132 :456 .
10 . North, R . J ., and 1 . Bursuker . 1984 . Generation and decay of the immune response
to a progressive fibrosarcoma.J. Exp . Med . 159:1295 .
11 . Kaplan, G ., W . C . Van Voorhis, E . N . Sarno, N . Nogueira, and Z . A . Cohn . 1983 .
The cutaneous infiltrates of leprosy . A transmission electron microscopy study . J.
Exp . Med . 158 :1145 .
12 . McLean, 1 .W ., and P . K . Nakane . 1974 . Periodate-lysine-paraformaldehyd e fixative .
A new fixative for immunoelectron microscopy .J. Histochem . Cytochem. 22:1077 .
13 . Springer, T . G ., G . Galfre, S . Secher, and C . Milstein . 1979 . Mac-1 : a macrophage
differentiation antigen identified by a monoclonal antibody . Eur. J. Immunol. 9:301 .
14 . Austyn, J . M ., and S . Gordon . 1981 . F4/80 : a monoclonal antibody directed specifi-
cally against the mouse macrophage . Eur. J . Immunol. 11 :805 .
15 . Steinman, R . M ., N . Nogueira, M . D . Witmer, J . D . Tydings, and 1 . S . Mellman .
1980 . Lymphokine enhances the suppression and synthesis of la antigens on cultured
mouse peritoneal macrophages . J. Exp . Med. 152:1248 .
16 . Bhattacharya, A ., M . E. Dorf, and T . A . Springer . 1981 . A shared alloantigenic
determinant on la antigens encoded by the I-A and I-E subregions : evidence for I
region gene duplication . J. Immunol. 127:2488 .
17 . Ledbetter,J . A ., and L . A . Herzenberg . 1979 . Xenogeneic monoclonal antibodies to
mouse differentiation antigens . Immunol. Rev. 47:63 .
18 . Dialynas, D . P ., D . B . Wilde, P . Marrack, A . Pierres, K . A . Wall, W . Harran, G .
Otten, M . R . Loken, M . Pierres, J . Kappler, and F .W . Fitch . 1983 . Characterization
of the murine antigenic determinant, designated L3T4a, recognized by monoclonal
antibody GK 1 .5 : expression ofL3T4a by functional T cell clones appears to correlate
primarily with Class 11 MHC antigen-reactivity . Immunol. Rev . 74:29 .McELRATH ET AL .
￿
559
19 . Coffman, R ., and 1 . L . Weissman . 1981 . B220 : a B cell-specific member of the T200
glycoprotein family . Nature (Lond.) . 289:681 .
20 . Nussenzweig, M . C ., R. M . Steinman, J . C . Unkeless, M . D . Witmer, B . Gutchinov,
and Z . A . Cohn . 1981 . Studies of the cell surface of mouse dendritic cells and other
leukocytes . J. Exp. Med . 154:168 .
21 . Boyum, A . 1968 . Isolation ofmononuclear cellsand granulocytes from human blood .
Scand . J . Clin. Lab . Invest. 21 :77 .
22 . Gallatin, M ., T . P . St . John, M . Siegelman, R . Reichert, E . C . Butcher, and 1 . L .
Weissman . 1986 . Lymphocyte homing receptors . Cell . 44:673 .
23 . Howard, J . G ., C . Hale, and F . Y . Liew. 1980 . Immunologica l regulation of experi-
mental cutaneous leishmaniasis.J. Exp . Med. 152:594 .
24 . Coutinho, S . G ., J . A . Louis, and H . D . Engers. 1984 . Induction by specific T
lymphocytes of intracellular destruction of Leishmania major in infected murine
macrophages . Parasite Immunol . 6:157 .
25 . Alexander, J ., and P. M . Kaye . 1985 . Immunoregulatory pathways in murine leish-
maniasis : different regulatory control during Leishmania mexicana mexicana and
Leishmania major infections . Clin . Exp. Immunol . 61 :674 .
26 . Murray, H . W . 1982 . Cell-mediated immune response in experimental visceral
leishmaniasis . 11 . Oxygen-'dependent killing of intracellular Leishmania donovani
amastigotes . J. Immunol. 129 :351 .
27 . Aubock, J ., D . Niederwieser, N . Romani, P . Fritsch, and C . Huber . 1985 . Human
interferon--y induces expression ofHLA-DR on keratinocytes and melanocytes . Arch .
Dermatol . Res. 277:270 .
28 . Nathan, C . F ., G . Kaplan, W . R . Levis, A . Nusrat, M . D . Witmer, S . A. Sherwin, C .
K . Job, C . R . Horowitz, R . M . Steinman, and Z . A . Cohn . 1986 . Loca l and systemic
effects of intradermal recombinant interferon--y in patients with lepromatous leprosy .
N. Engl .J. Med. 315:6.
29 . Kaplan, G ., M . D. Witmer, 1 . Nath, R . M . Steinman, S . Laal, H . K . Prasad, E. N .
Sarno, U . Elvers, and Z . A . Cohn . 1986 . Influence of delayed immune reactions on
human epidermal keratinocytes. Proc. Natl . Acad. Sci. USA . 83:3489 .
30 . North, R . J . 1984 . The murine antitumor immune response and its therapeutic
manipulation . Adv. Immunol . 35 :89 .
31 . Howard, J . G ., C . Hale, and F . Y . Liew . 1981 . Immunologica l regulation of experi-
mental cutaneous leishmaniasis. IV . Prophylactic effect of sublethal irradiation as a
result of abrogation of suppressor T cell generation in mice genetically susceptible
to Leishmania tropica .J. Exp . Med . 153:557 .
32 . Blackwell, J ., and O . M . Ulczak . 1984 . Immunoregulation of genetically controlled
acquired responses to Leishmania donovani infection in mice : demonstration and
characterization of suppressor T cells in noncure mice . Infect. Immun. 44:97 .
33 . Perez, H . 1983 . Factors influencing the host response to Leishmania mexicana. Ciba
Found . Symp. 99:159 .